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Renal artery stenosis (RAS), narrowing of the renal ar-
teries, is caused by a heterogeneous group of condi-

tions, including atherosclerosis, fibromuscular dysplasia 
(FMD), vasculitis, neurofibromatosis, congenital bands, 
and extrinsic compression, and radiation.1 Atherosclerosis 
accounts for approximately 90% of the lesions that ob-
struct blood flow to the renal arteries. Atherosclerotic renal 
artery stenosis (ARAS) typically involves the ostium and/
or proximal one-third of the renal artery and often the adja-
cent aorta.2 However, segmental and diffuse intrarenal ath-
erosclerosis may also be observed, especially in advanced 
cases.3 
 We reviewed the literature using PubMed to search for 
relevant recent publications with the terms renal artery 
stenosis, atherosclerotic renal artery stenosis, and renal 
artery stenosis AND hypertension. This review highlights 
salient points of the pathophysiology, diagnosis, and treat-
ment of ARAS.
 The prevalence of ARAS increases with advancing age 
and with the presence of traditional cardiovascular risk fac-
tors. Among patients with hypertension, ARAS is observed 
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Renal artery stenosis (RAS) is characterized by a heterogeneous 
group of pathophysiologic entities, of which fibromuscular dys-
plasia and atherosclerotic RAS (ARAS) are the most common. 
Whether and which patients should undergo revascularization for 
ARAS is controversial.  The general consensus is that all patients 
with ARAS should receive intensive medical treatment. The lat-
est randomized clinical trials have increased confusion regarding 
recommendations for revascularization for ARAS. Although revas-
cularization is not indicated in all patients with ARAS, experts 
agree that it should be considered in some patients, especially 
those with unstable angina, unexplained pulmonary edema, and 
hemodynamically significant ARAS with either worsening renal 
function or with difficult to control hypertension. A search of the 
literature was performed using PubMed and entering the search 
terms renal artery stenosis, atherosclerotic renal artery stenosis, 
and renal artery stenosis AND hypertension to retrieve the most 
recent publications on diagnosis and treatment of ARAS. In this 
review, we analyze the pathways related to hypertension in ARAS, 
the optimal invasive and noninvasive modalities for evaluating the 
renal arteries, and the available therapies for ARAS and assess 
future tools and algorithms that may prove useful in evaluating 
patients for renal revascularization therapy.
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in only 1% to 6%,4-6 whereas the incidence of ARAS is 
more than 30% in patients undergoing cardiac catheteriza-
tion7,8 and more than 50% in elderly patients with known 
atherosclerotic disease.9,10 In a study of 170 patients with 
ARAS who were followed up with serial duplex scans, the 
cumulative incidence of disease progression was 51% 5 
years after diagnosis.11 In a pooled review of 5 trials us-
ing serial arteriography, 49% of all renal arteries examined 
demonstrated progression of stenosis during follow-up 
ranging from 6 to 180 months.12

 Atherosclerotic renal artery stenosis results in a pro-
gressive loss of renal mass and function over time. In a sub-
group of patients with renovascular hypertension and 60% 
obstruction, renal atrophy occurred in 
21%.13,14 Historical data suggest that 
up to 27% of patients with ARAS will 
develop chronic renal failure within 
6 years.15 A prospective angiographic 
study revealed that ARAS was the cause of end-stage renal 
disease in 14% of patients in whom dialysis was newly ini-
tiated7; thus, early detection and appropriate treatment of 
ARAS could have important economic consequences.
 The presence of ARAS is known to predict adverse 
coronary events. In the Cardiovascular Health Study, pa-
tients diagnosed as having ARAS had a higher incidence 
of hospitalization for angina, myocardial infarction, and 
coronary revascularization.16 In a cohort of patients with 
ARAS detected at the time of coronary angiography, the 
4-year survival rate was 65% for those with vs 86% for 
those without ARAS.17

PATHOPHySIOLOgy

The pathophysiology of hypertension in patients with 
RAS due to FMD was well-described in the seminal work 
on animal models of hypertension by Goldblatt18 in the 
1930s. This model describes renin-dependent hyperten-
sion in patients with FMD, but it does not adequately 
describe the etiology of hypertension in patients with 
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Article HigHligHts

•	 Renal	artery	stenosis	(RAS)	is	caused	by	a	heteroge-
neous group of conditions that lead to narrowing of the 
renal arteries; ARAS produces 90% of the lesions that 
obstruct blood flow

•	 The	mechanism	of	hypertension	and	cardiac	morbid-
ity in patients with ARAS is complex and often is not 
strictly renin-dependent; the interplay between the di-
rect vasculotoxic effects of renin, the proinflammatory 
and neurohormonal effects of circulating angiotensin 
II, and the endocrinologic effects of aldosterone leads 
to an increase in total blood volume

•	 Ultrasonography	 is	 widely	 accepted	 as	 the	 first-line	
diagnostic imaging test because of its availability and 
cost 

•	 Invasive	renal	angiography	can	be	useful	in	evaluating	
ARAS and can be used in combination with adjunctive 
invasive tools, such as fractional flow reserve to mea-
sure translesional pressure gradients

•	 All	 patients	with	ARAS	 require	 intensive	 antihyper-
tensive agents and lipid-lowering agents; they should 
stop smoking, and antiplatelet therapy should be con-
sidered 

•	 Renal	 revascularization	 therapy	 is	 controversial;	 the	
only class I indication for renal revascularization under 
current guidelines is for hemodynamically significant 
ARAS in the setting of recurrent, unexplained conges-
tive heart failure or sudden, unexplained pulmonary 
edema

•	 Patients	should	undergo	an	evaluation	of	renal	ische-
mia and of baseline renal function before undergoing 
renal revascularization therapy

ARAS, in whom the mechanisms of hypertension are more 
complex.
 Well-established animal studies have clearly shown 
that decreased renal artery perfusion leads to a cascade of 
events, starting with the production of renin.1,19,20 Renin 
promotes conversion of angiotensinogen to angiotensin I, 
which is converted to angiotensin II by angiotensin I con-
verting enzyme, which also inactivates kinins that promote 
hypotension.21 The largest store of angiotensin I converting 
enzyme is found in the pulmonary vasculature, where it 
plays an important role in the regulation of systemic blood 
pressure.22 In addition to causing hypertension by being 
directly vasoconstrictive, angiotensin II promotes hyper-
tension by increasing total blood volume through its effect 
on aldosterone and by potentiating the vasoconstrictor re-
sponse to circulating norepinephrine.23

 Goldblatt’s work has been expounded on to suggest 3 
phases of renovascular hypertension as demonstrated in 
animal models. In stage I (acute occlusion) and stage II 
(occlusion for days/weeks), the blood pressure and plasma 

renin/angiotensin II levels are elevated, and elimination 
of the obstruction leads to normalization of both blood 
pressure and plasma renin/angiotensin II levels. In stage 
III, the occlusion is prolonged for months, plasma renin/
angiotensin levels are no longer elevated, and elimination 
of the obstruction does not lead to normalization of blood 
pressure.24 Although these stages were described in animal 
models, stage III may reflect hypertension seen in patients 
with ARAS who do not appear to have strict renin-depen-
dence. Patients with ARAS and low renin/angiotensin II 
levels may have improvement in hypertension after renal 
revascularization, but the results are unreliable. In summa-
ry, activation of the sympathetic and central nervous sys-
tems, increasing total blood volume via aldosterone, and 
the direct pressor effects of angiotensin II in the setting of 
ARAS are thought to contribute to hypertension.25,26

 Several studies have suggested that ARAS results in 
cardiac morbidity that is disproportionate to the degree 
of hypertension.15,27,28 Multiple pathways account for this 
because angiotensin II has been associated with a range 
of proinflammatory and toxic cardiovascular effects, in-
cluding myocardial fibrosis,29 arterial medial hypertrophy, 
smooth muscle cell proliferation, endothelial cell dysfunc-
tion, and plaque rupture.30,31 Renin has also been associ-
ated with vasculotoxic and nephrotoxic effects.32 Oxidative 
stress has been implicated in the ischemic and hypertensive 
parenchymal renal injury related to ARAS. 33,34

CLInICAL EvALuATIOn AnD SCREEnIng

Clinical clues to the presence of ARAS are listed in Table 
1.35 On the basis of the American Heart Association (AHA) 
guidelines, screening and revascularization should be con-
sidered in patients who present in the setting of the clinical 
scenarios outlined in Table 2.35,36  The Joint National Com-
mittee stated that more extensive testing in patients with 
identifiable causes of ARAS is typically not necessary un-
less blood pressure control is not achieved while the patient 
is receiving maximal antihypertensive therapy.37

DIAgnOSIS

Magnetic resonance angiography (MRA), helical computed 
tomographic angiography (CTA), Doppler ultrasonography, 
renal scintigraphy (ie, captopril scan), invasive angiography, 
peripheral renin levels, and renal vein renin sampling have 
all been used as screening tests to detect ARAS.  Renal vein 
renin sampling, peripheral renin levels, and renal scintigra-
phy are not generally recommended for ARAS screening 
because of their low sensitivity and low specifity.38-40

 For an imaging study to be considered optimal, the fol-
lowing 4 objectives must be met: (1) ARAS must be de-
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tected and characterized on the basis of anatomic and he-
modynamic severity; (2) anatomic consequences of ARAS 
on the artery itself and on the kidney must be assessed (eg, 
severe ARAS can result in poststenotic dilatation of the ar-
tery, which can be detected by CTA and MRA, and also in 
shrinkage of the renal parenchyma, with the kidney being 
<8 cm); (3) functional and cellular consequences of ARAS 
on the kidney must be evaluated (eg, functional data can be 
obtained via the abnormal intrarenal transit of gadolinium 
during magnetic resonance imaging with use of captopril,  
future studies are assessing the ability of diffusion-weight-
ed magnetic resonance imaging to determine the cellular vi-
ability of renal parenchyma tissue in patients with chronic 

kidney disease; and (4) criteria associated with renal impair-
ment related to renovascular disease must be identified).41

UltrAsonogrApHy

Ultrasonography	is	widely	available,	safe,	and	inexpensive	
and consequently is typically the first imaging study used 
to detect ARAS. However, results are operator dependent, 
with accuracy ranging from 60% to 90%; the entire length 
of the renal artery or an accessory renal artery can be over-
looked, and thus the stenotic lesion will be missed.42 

 Information on size of the kidneys, renal functional 
reserve, and renal resistive index (RRI [defined as peak 
systolic velocity – end-diastolic velocity/peak systolic ve-
locity]) can be obtained with ultrasonography.43 A high re-
nal artery end-diastolic velocity (>90 cm/s) and low RRI 
(<75-80) indicate no microvascular disease or increased 
resistance.39,44

 Spectral broadening and increased velocity on ultra-
sonography are markers of hemodynamically significant 
stenoses. For example, a renoaortic velocity ratio (defined 
as the renal artery peak systolic velocity/aortic peak sys-
tolic velocity) greater than 3.5 has been correlated to 60% 
stenosis,45 whereas a renal artery peak systolic velocity 
greater than 150 cm/s correlates to 50% stenosis, and a ve-
locity greater than 180 cm/s correlates to 60% stenosis.45-48  

A literature review found that the sensitivity and specific-
ity of ultrasonography were 85% and 92%, respectively, in 
detecting hemodynamically significant ARAS.49 

 Severe stenoses can produce tardus-parvus spectral 
changes on Doppler ultrasonography, revealed as a slowed 
systolic acceleration with a decreased resistive index.50,51 
Quantitative criteria proposed for the diagnosis of distal 

TABLE 1. Clinical Clues to the Diagnosis of  
Atherosclerotic Renal Artery Stenosis  

1. Onset of hypertension before age 30 y or severe hypertension after
  age 55 y (class I, level of evidence [LOE] B)

2. Accelerated, resistant, or malignant hypertension (class I, LOE C)

3. Development of new azotemia or worsening renal function after  
  administration of an angiotensin-converting enzyme inhibitor or  
  angiotensin receptor blocker (class I, LOE B)

4.	 Unexplained	atrophic	kidney	or	size	discrepancy	>1.5	cm	between		
  kidneys (class I, LOE B)

5. Sudden, unexplained pulmonary edema (class I, LOE B)

6.	 Unexplained	renal	dysfunction,	including	patients	starting	renal		
  replacement treatment (class IIa, LOE B)

7. Multivessel coronary artery disease or peripheral arterial disease  
  (class IIb, LOE B)

8.	 Unexplained	congestive	heart	failure	or	refractory	angina	(class	IIb,		
  LOE C)

From J Am Coll Cardiol,35 with permission of the American Heart  
Association.

TABLE 2. American Heart Association Recommendations for Revascularization of  
Atherosclerotic Renal Artery Stenosis (ARAS)  

Asymptomatic stenosis
 Percutaneous revascularization can be considered for treatment of an asymptomatic bilateral or solitary   
  viable kidney with hemodynamically significant ARAS (class IIb, level of evidence [LOE] C)
	 Usefulness	of	percutaneous	revascularization	of	asymptomatic	unilateral	hemodynamically	significant		 	
  ARAS in a viable kidney is not well established and is currently clinically unproved (class IIb, LOE C)

Hypertension
 Percutaneous revascularization is reasonable for patients with hemodynamically significant ARAS and   
  accelerated hypertension, resistant hypertension, malignant hypertension, hypertension with unexplained   
  unilateral small kidney, and hypertension with intolerance to drug treatment (class IIa, LOE B)

Preservation of renal function
 Percutaneous revascularization is reasonable for patients with ARAS and progressive chronic kidney disease  
  with bilateral ARAS or ARAS of a solitary functioning kidney (class IIa, LOE B)
 Percutaneous revascularization can be considered for patients with ARAS and chronic renal insufficiency   
  with unilateral ARAS (class IIb, LOE C)

Effect of ARAS on congestive heart failure and unstable angina
 Percutaneous revascularization is indicated for patients with hemodynamically significant ARAS and   
  recurrent, unexplained congestive heart failure or sudden, unexplained pulmonary edema (class I, LOE B)
 Percutaneous revascularization is reasonable for patients with hemodynamically significant ARAS and   
  unstable angina (class IIa, LOE B)

Adapted from J Am Coll Cardiol.35
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stenoses include blunting of early systolic peak accelera-
tion (<3 m/s2), an acceleration index greater than 4 m/s2, 
increase in time to systolic peak (>0.07 s), or greater than 
5% difference in RRI between kidneys. However, because 
of the difficulty in interpretating these complex waveforms, 
these criteria are seldom used.52-54

compUted tomogrApHic AngiogrApHy 
The possibility of 3-dimensional reconstructions has made 
CTA an important tool in the diagnosis of ARAS.  Because 
CTA involves use of ionizing radiation and iodinated con-
trast medium, it is contraindicated in patients with contrast 
allergy. Patients with impaired renal function can develop 
contrast-induced nephropathy if iodinated contrast is used, 
but generous fluid hydration before contrast administration 
can effectively prevent this complication. For detection of 
ARAS, the sensitivity of CTA is 94%; the specificity varies 
between 60% and 90%.55,56

 Compared to MRA, CTA can detect small accessory 
renal arteries because of its high spatial resolution. It is 
also preferred for patients who have implanted devices, 
for patients with limited breath-hold capacity (requiring 
shorter acquisition times), and for patients with claustro-
phobia. However, CTA has less specificity than MRA for 
detecting hemodynamically significant ARAS; it cannot 
be used safely in patients with borderline renal dysfunc-
tion because of the necessity of iodinated contrast agents; 
images obtained with CTA are difficult to interpret in 
heavily calcified arteries, and CTA requires use of ion-
izing radiation.57

mAgnetic resonAnce AngiogrApHy 
Magnetic resonance angiography has a reported sensitivity 
and specificity of 90% to 100%55,56 and does not require 
use of iodinated contrast or radiation. Gadolinium-based 
contrast medium should be avoided in patients with moder-
ate to end-stage renal failure because of the risk of nephro-
genic systemic fibrosis. Additionally, MRA should not be 
used in patients with certain implanted devices (ie, pace-
makers, defibrillators, cochlear implants, and spinal cord 
stimulators)	 or	 in	 claustrophobic	 patients.	 	 Unlike	 CTA,	
MRA has no calcification artifact, neither iodinated con-
trast medium nor radiation is used, and contrast reaction 
rates are lower.1

AngiogrApHy

Invasive renal arteriography is helpful in evaluating ARAS.  
In addition to assessing the severity of ARAS, angiography 
can detect intrarenal vascular abnormalities and anatomic 
abnormalities of the kidneys, renal arteries, and aorta.  Dig-
ital subtraction angiography improves contrast resolution 
and may decrease the volume of contrast needed to as little 

as 15 mL. However, because renal angiography is invasive, 
there are risks associated with arterial puncture and ma-
nipulation of the catheter/wire, which can result in arte-
rial trauma, spasm, or thromboembolic phenomenon.58 In 
patients with renal impairment or contrast allergy, carbon 
dioxide can be used as a nonnephrotoxic contrast agent.
 The early work by White et al59 established that there is 
substantial intra- and interobserver variability in the visual 
estimation of coronary stenoses, which likely also applies 
to the visual estimation of ARAS. Therefore, relying solely 
on angiography to visually estimate the severity of ARAS 
is suboptimal, and adjunctive tools should be used to deter-
mine whether renal ischemia is present.
 Translesional pressure gradients can be measured across 
areas of stenosis to determine hemodynamic significance 
(if there is doubt) before performing therapeutic proce-
dures such as percutaneous transluminal renal angioplasty 
(PTRA) or stenting. In a small case series, Mangiacapra et 
al60 measured translesional pressure gradients using papav-
erine and dopamine to induce renal hyperemia in 53 con-
secutive patients before PTRA. They found that patients 
with the most substantial improvement in hypertension 
were those with a translesional gradient greater than 20 
mm Hg (corresponding to a distal-proximal pressure ratio 
of 0.79 as the optimal cutoff). De Bruyne et al61 demon-
strated that stenoses with a distal to proximal renal artery 
pressure decrease greater than 10% were associated with 
increased renin production, suggesting that measurement 
of translesional pressure gradients might help identify he-
modynamically significant ARAS.

TREATMEnT

medicAl tHerApy

There is widespread agreement that all patients with ARAS 
require	intensive	medical	therapy.	Use	of	angiotensin-con-
verting enzyme inhibitors and angiotensin receptor block-
ers to inhibit the sympathetic and renin-angiotensin systems, 
respectively, is recommended for controlling hypertension 
and for reducing clinical events in those with known cardio-
vascular disease. A decline in renal function after initiation 
of an angiotensin-converting enzyme inhibitor or angiotensin 
receptor blocker is often associated with bilateral RAS but is 
neither a sensitive nor a specific finding.62

 Aggressive use of statins, optimal glycemic control, and 
smoking cessation counseling are of paramount impor-
tance. No randomized controlled study has analyzed the 
effects of different medical regimens on the treatment of 
hypertension associated with ARAS because such patients 
often have refractory hypertension and require multiple 
antihypertensive medications. Medications that block the 
renin-angiotensin-aldosterone system (RAAS) are fre-
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quently used to treat hypertension in patients with ARAS, 
but their use can lead to acute renal failure, particularly 
in patients with severe bilateral RAS, high-grade unilateral 
stenosis in the presence of a solitary kidney or an atrophic 
contralateral kidney, or advanced chronic kidney disease. 
In such patients, renal failure is related to a decrease in 
renal perfusion pressure caused by the RAAS inhibitor 
or through the intrarenal effects of these medications on 
chronically diseased kidneys. Renal function should be 
monitored carefully in these patients after initiation of a 
RAAS inhibitor because prompt discontinuation of the of-
fending agent can frequently reverse acute impairment in 
renal function.63

 In patients with ARAS and advanced renal disease (ie, 
chronic renal failure, proteinuria [>1 g/d]), diffuse intrare-
nal vascular disease, and renal atrophy), medical therapy is 
preferred to revascularization.64 Some argue that patients 
with a high RRI (>80) benefit more from medical therapy 
than revascularization; however, using the RRI as a stand-
alone indicator of medical therapy is controversial, and ex-
pert consensus varies.
 Despite the importance of medical therapy, it is well-
known that such medications have an array of adverse ef-
fects that often affect quality of life and limit adherence. 
Adherence to treatment of hypertension per published 
guidelines is poor, and use of 50% to 70% of medications 
is discontinued or changed within 6 months.

renAl Artery revAscUlArizAtion

Whether patients with ARAS and hypertension should 
undergo therapeutic revascularization is less clear and far 
more controversial. Even patients with severe ostial steno-
sis of the renal artery (Figure, left) who undergo successful 

percutaneous revascularization (Figure, right) do not al-
ways obtain clinical benefit. Notably, the ACC/AHA defi-
nition of hemodynamically significant RAS is as follows: 
(1) stenosis of 50% to 70% diameter by visual estimation 
with a peak translesional gradient of at least 20 mm Hg or a 
mean gradient of at least 10 mm Hg (measured with a 5F or 
smaller catheter or pressure wire); (2) angiographic steno-
sis of at least 70% diameter; or (3) stenosis greater than 
70% diameter by intravascular ultrasound measurement.65 
However, current ACC/AHA guidelines do not incorporate 
these measures and recommend revascularization of ARAS 
only when it is complicated by certain medical comorbidi-
ties (Table 2).
 When renal artery revascularization is being considered, 
care must be taken to determine the severity of underlying 
nephropathy. Patients with advanced nephropathy receive 
less benefit from renal revascularization, even in the pres-
ence of documented renal ischemia. The most predictive 
measures of advanced nephropathy are proteinuria (>1 
g/d), renal length less than 10 cm, RRI greater than 0.8, 
and renal biopsy confirming pathologic changes consistent 
with advanced nephropathy; the serum creatinine level is a 
less reliable predictor of nephropathy.35

percUtAneoUs trAnslUminAl renAl AngioplAsty

The largest randomized trial that compared drug treat-
ment and PTRA was the Dutch Renal Artery Stenosis In-
tervention Cooperative (DRASTIC) study.66 In that study, 
106 patients were randomly assigned to PTRA or medi-
cal therapy. The study design was such that patients in 
the drug treatment group whose condition was refractory 
to medical therapy were allowed to undergo balloon an-
gioplasty if their blood pressure control was inadequate. 

FIGURE. Renal angiograms. Left, Severe ostial stenosis of the right renal artery. Right, After percutane-
ous transluminal renal angioplasty and stent implantation in the right renal artery.
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Major limitations of that study included enrollment of 
patients with insignificant ARAS, a 44% crossover from 
medical therapy to PTRA, and low use of stents (20%). 
Despite the authors’ assertion that PTRA in addition 
to drug therapy provided “little benefit,” patients in the 
PTRA group were less likely to have deterioration of their 
blood pressure control or renal artery occlusion during 12 
months of follow-up.

renAl Artery stenting

Results from observational studies have demonstrated that 
renal stenting is safe and effective in reducing blood pres-
sure.67,68 The problem of elastic recoil is alleviated by using 
stents, which provide mechanical scaffolding. In a meta-
analysis of 1322 patients, stent placement had a signifi-
cantly higher technical success rate and lower restenosis 
rate than did PTRA (98% vs 77% and 17% vs 26%, respec-
tively) and higher cure rates for hypertension.69

 A randomized trial demonstrated the superiority of renal 
stenting vs PTRA for immediate procedural success (88% 
vs 57%, respectively) and lower restenosis rates (14% vs 
48%, respectively).70 The limitation of that study appears 
to be the complication rates, although no significant dif-
ferences in complications were noted between either study 
arm. The authors identified bleeding as a complication in 
19% of patients in both arms (although the definition of 
bleeding was unclear) and cholesterol embolism as a com-
plication in 10% of both arms. Other studies have dem-
onstrated improvement or stabilization of renal function 
after unilateral or bilateral renal stenting in patients with 
ARAS and progressive renal insufficiency.71,72 In patients 
with ARAS and hypertension (blood pressure >140/90 mm 
Hg) despite treatment with at least 2 antihypertensive med-
ications, renal stenting resulted in systolic blood pressure 
reduction of 20 mm Hg and use of 1 less antihypertensive 
medication.73

 Two important randomized trials of renal artery stent-
ing vs medical therapy have recently been reported. In the 
Stent Placement in Patients with Atherosclerotic Renal Ar-
tery Stenosis and Impaired Renal Function (STAR) trial,74 
140 patients with a creatinine clearance of less than 80 mL/
min/m2, RAS greater than 50%, and well-controlled hyper-
tension were randomized to either renal artery stenting plus 
medical therapy or medical therapy alone. The primary end 
point was a 20% or greater decrease in creatinine clear-
ance, and secondary end points included safety and cardio-
vascular morbidity and mortality. The authors concluded 
that stent placement with medical treatment did not clearly 
affect progression of impaired renal function but led to a 
few serious procedure-related complications.75 However, 
this study had a number of important limitations. Foremost, 
as noted by the editors of Annals of Internal Medicine, the 

study was “underpowered to provide a definitive estimate 
of efficacy.”75 Several patients were incorrectly identified 
as having ARAS greater than 50% by noninvasive imag-
ing and did not require stenting, yet they were analyzed by 
intention to treat in the stent group. Also, 33% of the study 
participants had only mild RAS (50%-70%), and more 
than half of the patients had unilateral disease. Because the 
primary end point was a change in renal function, it is not 
surprising that patients with unilateral disease and stenosis 
of less than 70% had no benefit from revascularization.
 In the Angioplasty and Stenting for Renal Artery Lesions 
(ASTRAL) trial, 806 patients with ARAS were random-
ized to undergo stent-based renal revascularization plus 
medical therapy or medical therapy alone. The primary 
outcome was renal function, as measured by the recipro-
cal of the serum creatinine level, and secondary outcomes 
were blood pressure, time to renal and major cardiovascu-
lar events, and mortality. After a median follow-up of 34 
months, the authors found “substantial risks but no evi-
dence of a worthwhile clinical benefit from revasculariza-
tion in patients with ARAS.”74 This study had a number of 
limitations that might affect interpretation of the results. 
By limiting study participation to patients in whom the 
treating physicians had to be undecided about the appro-
priate treatment strategy (ie, patients were excluded if 
physicians were sure stenting was necessary), selection 
bias was introduced into the trial design. Of course, this 
selection bias is also reflective of clinical practice because 
many physicians will often refer patients for renal revas-
cularization if they are unsure of the appropriate course 
of management. In addition, 25% of patients had normal 
renal function, a significant number had unilateral disease, 
and 41% had a stenosis of less than 70%. A subgroup 
analysis of the cohort with bilateral disease also failed 
to show clinical benefit, downplaying the notion that the 
negative results were largely affected by the high enroll-
ment of patients with unilateral disease who would benefit 
less from renal revascularization. Importantly, there was 
no core laboratory to adjudicate the imaging studies and 
ensure their accurate and unbiased interpretation. During 
the 7 years of recruitment, more than half of the centers 
enrolled fewer than 1 patient per year, perhaps explaining 
the high adverse event rate. In summary, as the authors 
of the trial have stated, the results of ASTRAL appear to 
indicate that renal stenting does not provide a significant 
net clinical benefit for patients with RAS and may inflict 
harm because 2 deaths and 3 amputations were attributed 
to complications of the procedure.
 Importantly, in both the ASTRAL and the STAR trials, 
creatinine clearance equations used to estimate glomeru-
lar filtration rate have not been validated in patients with 
ARAS. Patients with advanced nephropathy (who would 
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be less likely to benefit from revascularization) were in-
cluded in both trials, and neither trial used an adjunctive 
measurement of renal ischemia, such as translesional pres-
sure gradients, which adds variability to the assessment of 
lesion severity.
 The CORAL (Cardiovascular Outcomes in Renal Ath-
erosclerotic Lesions) study is a large randomized, prospec-
tive multicenter trial funded by the National Institutes of 
Health that is comparing the effects of angioplasty with 
stenting and optimal medical therapy to medical therapy 
alone on a composite of adverse cardiovascular and renal 
events.76 Enrollment ended on January 31, 2010, and study 
data will not be available for several years. The CORAL 
investigators realized that previous trials of ARAS have 
lacked rigorous medical treatment that could prevent the 
progression of cardiovascular and renal disease pervasive 
in this population. Thus, this trial focuses on strict anti-
hypertensive therapy, smoking cessation, aggressive treat-
ment of dyslipidemia and diabetes, administration of an 
antiplatelet agent, and complications of renal insufficiency.  
The CORAL treatment algorithm is based on current evi-
dence-based practice guidelines even though the effect of 
these medical interventions on outcomes has not yet been 
well defined in this population.
 In the CORAL trial, randomization to the revasculariza-
tion or medical treatment arm was performed at the time of 
the invasive assessment. Patients in the stent therapy arm 
underwent implantation of a Genesis stent (Cordis, War-
ren, NJ). The study was designed to have more than 80% 
power to detect a threshold effect size of 25% with a sam-
ple of 1080 randomized patients. This is the pivotal study 
of stent therapy for ARAS, on par with large randomized 
clinical trials of carotid artery or coronary artery bypass 
surgery (NASCET [North American Symptomatic Carotid 
Endarterectomy Trial] and CASS [Coronary Artery Sur-
gery Study], respectively). 
 We anticipate that the CORAL study will greatly clarify 
the controversy regarding renal artery stenting. However, 
the strict crossover requirements may have led some cen-
ters to avoid enrolling patients in whom the indication to 
treat was weak.

AdditionAl interventionAl procedUres

Although brachytherapy and cutting balloon atherotomy 
have been used successfully for renal artery in-stent reste-
nosis,77,78	 long-term	outcomes	are	unknown.	Use	of	coro-
nary drug-eluting stents has also been described for small 
renal arteries,79 but well-designed studies to determine the 
adequate dosing of the eluting drug for this vessel are lack-
ing. The largest drug-eluting stent is only 3.5 mm in diam-
eter, an inadequate size  for stenting of a renal artery (with 
a normal diameter of 4-7 mm). Distal embolic protection 

devices have also been used to capture atherosclerotic de-
bris and prevent it from distal embolization during renal 
stenting,80 which may help preserve renal function.

sUrgery

Surgical revascularization is effective for treating ARAS; 
however, morbidity and mortality are higher with surgery vs 
stenting.59 In one of the few studies that compared surgical 
to percutaneous revascularization for ostial ARAS, Balzer 
et al81 found no significant difference in long-term mor-
bidity or mortality, a significant improvement in durability 
of the result in the surgical arm, and no significant differ-
ence in blood pressure reduction (although blood pressure 
improved significantly from baseline in both study arms).  
These results suggest that surgical revascularization may 
be at least equivalent to PTRA for ostial ARAS.

COnCLuSIOn

The general consensus is that all patients with ARAS should 
undergo aggressive medical treatment. The pathophysiol-
ogy of hypertension in ARAS is complex, and multiple 
pharmacological agents may be needed for effective con-
trol. Early recognition and effective medical treatment of 
ARAS may prevent onset of future cardiovascular events. 
Revascularization for ARAS remains controversial; the lat-
est randomized clinical trials have not only failed to clarify 
this conundrum but also have resulted in further confusion 
regarding treatment recommendations. Clearly, revascu-
larization is not indicated in all patients with ARAS but 
should be considered in some patients, especially those 
with unstable angina, unexplained pulmonary edema, and 
hemodynamically significant ARAS with worsening renal 
function or difficult to control hypertension (while taking 
at least 3 medications, 1 of which is a diuretic). These rec-
ommendations should be taken into account if a patient has 
bilateral disease or has unilateral disease and only 1 kid-
ney. Although the results of trials such as CORAL are ea-
gerly awaited to shed further light on this controversy, cer-
tain sensible steps can be taken to ensure that renal artery 
stenting is used in the correct patient population. Revas-
cularization therapy has an important role in treatment of 
ARAS, but available data suggest that it should be limited 
to patients who have renal ischemia with viable underly-
ing renal function because they will ultimately receive the 
greatest clinical benefit.
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